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ABSTRACT: The present work aims to design, synthesize

some novel N containing heterocyclic derivatives and to

perform in vitro evaluation of their anticancer and

antimicrobial activity. In silico modelling of N-

heterocyclic derivatives was carried out using various

Softwares such as, ACD Labs Chemsketch, Molinspiration,

PASS(Prediction of activity spectra for substances) and

Schrodinger Glide XP (Grid based ligand docking with

energetics).

Nine derivatives compound (BT-Al, A2, A3; BT-B1, B2, B3; BT-
C1, C2, C3) were designed. The designed molecules with required
physicochemical properties, drug likeness and obeying Lipinski’s
rule of three were selected for the synthesis. The synthesized
compounds were subjected to TLC, melting point determination,
FTIR and mass spectral studies. All the synthesized compounds
showed characteristic peak in FTIR and Mass spectroscopic studies.
As per the PASS score and GLIDE score the compounds were
selected for biological studies like anticancer and antimicrobial
activity. These results were useful for further investigation in the
future. All the selected derivatives showed better activity, when

compared with standard drugs.

INTRODUCTION:

The progress of drug resistance among human pathogens continues to be a serious health
problem and leads to the importance of discovering and developing new drugs and synthesizing
new compounds with active pharmacophore. The incidence of antimicrobial resistance (AMR)
is increasing and a growing serious threat to public health burden worldwide [1]. In the recent
few years, the expression of resistance related complications and therapeutic difficulties by
microorganisms such as Staphylococcus aureus, Enterococcus faecium, Streptococcus
pneumonia, Mycobacterium tuberculosis (M. tuberculosis), nontuberculous (atypical)
mycobacteria, and gram-positive and gram-negative bacteria against the marketed antibacterial
agents, therefore, there is a great need for providing an effective approach in drug design of
novel antimicrobial molecules and modification of their mechanisms against microbes [2, 3].
A number of nitrogen containing heterocyclic groups are present in many of the biologically
active compounds. Hence, they were subject of interest to synthesize and study some new
heterocyclic derivatives. This along with tremendous success of synthetic heterocyclic drugs
has attracted medicinal chemist’s attention to this field. Designing of new hetero compounds
are done by incorporating heterocyclic moiety into lead molecule. [4, 5, 6]

The nucleus selected for the present work is a combination of two hetero aromatic molecules
benzimidazole and imidazole. [7] There are numerous reports in the literature about the wide
spectrum of biological activities possessed by these lead molecules. The benzimidazole moiety
is a versatile lead molecule in pharmaceutical development. It has a wide range of biological
activities such as anti-inflammatory, antioxidant, antimicrobial [8, 9], anthelmintic,
antitubercular [10, 11], antiviral [12, 13] etc. The synthetic versatility of benzimidazole has
lead to the extensive use of this compound in organic synthesis.

In silico molecular modeling studies are the most important step in drug design. The in
silicomodeling of all the proposed derivatives were carried out by using different
computational software in order to predict the physiological and biological parameters. The
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Softwares used for in silico studies includes Molinspiration, ACD lab Chemsketch and Marvin
sketch, PASS and Schrodinger.

MATERIALS AND METHODS:

Molecular Docking: Molecular docking is usually performed between a small molecule and a
target macromolecule. This is often referred to as ligand—protein docking. Docking is the
computational simulation of a candidate ligand binding to a receptor. During docking a pose is
generated, scored and compared with a previous pose.

Methodology of Docking:

Target Identification and Retrieval: Crystallographic structures of the targets of interests
were obtained from PDB (Protein Data Bank) and saved in standard 3D coordinate format. The
targets used for the present study are membrane protein of Mycobacterium tuberculosis
(20AR) and Dihydrofolate reductase (318A)

Protein Preparation: The procedure started with a protein and a co-crystallized ligand. It was
finished with a partially optimized protein-ligand complex, to which hydrogens were added
subjected to protonation states for ionizable residues, modification of tautomeric forms and the
repositioning of the reorientable hydrogens.

e The first step was to prepare the co-crystallized ligands by correctly defining multiple
bonds and adding hydrogens. Normally, proteins are provided without attached
hydrogens. When hydrogens are present, all are deleted except those in peptide bond.

e The second step was to neutralize residues that did not participate in the salt bridges
and that were more than a specified distance from nearest ligand atom. The script also
set the tautomeric state which was assumed to be neutral, by considering potential metal
ligation and the hydrogen interactions.

e The third step was to preprocess the receptor before grid preparation. This is necessary
as the judgment made by the preparation procedure need not to be correct always.

¢ In the fourth step the optimization of the protein was carried out by adding hydrogens
to the protein, to any cofactors and to any added structural waters and the final step
carried out series of restrained minimizations on the protein-ligand complex. [14]

Ligprep: Ligprep generates energy minimized 3D molecular structures. It is used for the
versatile generation of accurate 3D molecular models. Ligprep went far beyond simple 2D to
3D structure conversions by including tautomeric, stereo chemical and ionization variations as
well as energy minimization and flexible filters to generate fully customized ligand libraries
that were optimized for further computational analyses.

Docking: The generated structures of various conformations of drug like molecules using
Ligprep was then docked in to the binding site of receptor after generating a receptor grid
around the site using glide. The docking was conducted using XP GLIDE (Extra Precision).
[15]

Procedure for Synthesis:

Synthesis of Benzimidazoles: Monochloroacetic acid / Lactic acid / p- Chlorobenzoic acid
and o-phenylene diamine were dissolved in 50 ml of 5N HCI and refluxed for seven hours with
stirring. It was then cooled to 0 - 5°C, and was neutralised with agueous ammonium hydroxide.
The precipitated product was collected by vacuum filtration, washed with water and dried in
air. [16, 17]

Synthesis of Thioimidazole: A mixture of benzoin and thiourea was dissolved in a mixture of
chloroform and ethanol (3:1). The reaction mixture was stirred thoroughly and refluxed for 12
h. The product obtained was recrystallised from methanol. [18]

Condensation of Thioimidazole and various Benzimidazoles to yield Thioethers: The
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thioimidazole (0.01mol) was dissolved in 25 ml of aqueous sodium hydroxide solution by
stirring at room temperature. To this clear solution it was added a pinch of cetrimide and stirring
was further continued for 10 min. To this a solution of various benzimidazoles (2-
chloromethylbenzimidazole / 2-(1-chloroethyl)-1H-benzimidazole / 2-(4-chlorophenyl)-1H-
benzimidazole) (0.01mol) in 25 ml ethanol was added over a period of 15- 20 min. The reaction
mixture was further stirred for 2 hrs. It was then cooled to 5- 10°C for 1/2 h. and the separated
solid was filtered, washed with cold water and dried. The crude product on recrystallization
from chloroform and ethanol yielded a yellowish crystalline solid. Products obtained were
named BT (A1, A2, A3). [16]
Mild Oxidation of VVarious Thioethers to Yield Various SulfinylBenzimidazoles: Various
thioethers (2-{[(4,5-diphenyl-2H-imidazol-2 yl)sulfanyl]methyl}-1H-benzimidazole /2-{1-
[(4,5-diphenyl-2H-imidazol-2-yl)sulfanyl]ethyl}-1H-benzimidazole/2-{1-[(4,5diphenyl-2H-
imidazol-2-yl)sulfanyl]benzyl}-1H-benzimidazole) were dissolved in 20ml iso-propanol by
stirring at room temperature. The reaction mixture was chilled thereafter in an ice salt bath
maintaining its temperature between 0 — 2°C, to this a solution of meta-chloroperbenzoic acid
(m-CPBA) (0.02 mol) was added with stirring. The stirring was continued for 2 — 3 h. After
completion of the reaction the mixture was washed with 10% sodium bicarbonate and extracted
with chloroform (30 ml). The organic layer was dried with anhydrous sodium sulphate and
solvent was distilled off under reduced pressure at room temperature. The crude product was
purified by column chromatography using toluene: methanol (4.5:0.5) as the mobile phase.
Products obtained were named (BT-B1, B2, B3). [16]
Oxidation of Sulfinyl Benzimidazoles to Yield Various Sulfonyl Benzimidazoles: Various
sulfinyl benzimidazoles were treated with 15 ml of 30% aqueous Hydrogen peroxide in 20 ml
acetic acid and stirred at ambient temperature for 20 h. The reaction mixture was poured over
200 ml of ether containing 10 ml of hydrogen chloride — saturated alcohol and the mixture was
stirred vigorously. The supernatant solvent was decanted and a moderate amount of ethanol
was added. The mixture was stirred until a crystalline solid was formed. The product was
collected, washed with ether and recrystallised. The product was again purified by column
chromatography using toluene: methanol (4.5:0.5) as the mobile phase. Products obtained were
named (BT-C1, C2, C3). [16]
Characterization: The synthesized 2-substituted benzimidazole analogues were characterized
by various analytical techniques like,

a) Melting point determination,

b) Thin Layer Chromatography (TLC),

¢) Infrared Spectroscopy (IR), and

d) MASS spectroscopy (MS).

As per the PASS score and GLIDE score the analogues designed were selected for biological
studies like anticancer, antibacterial etc. The designed benzimidazole analogues which were
selected for various studies were compared with standard drugs for any violation of Lipinski
rule of five and drug likeness score. [17]

Anticancer Activity: Anticancer screening was done on novel benzimidazole analogues (BT-
C1, C2, C3). A protocol of 48 hr continuous drug exposure was used and an SRB cell
proliferation assay was used to estimate cell viability or growth. All the cell lines were grown
in Dulbecco's modified Eagle's medium (containing 10% FBS in a humidified atmosphere of
5% COz at 37 °C). Cells were trypsinized when sub-confluent from T25 flasks/60 mm dishes
and seeded in 96-well plates in 100 uL aliquots at plating densities depending on the doubling
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time of individual cell lines. The micro titre plates were incubated at 37 °C, 5% CO2, 95% air,
and 100% relative humidity for 24 h prior to addition of experimental drugs and were incubated
for 48 hrs with different doses (0.01, 0.1, 1, 10, 100uM) of prepared derivatives. After 48 hours
incubation at 37 °C, cell mono layers were fixed by the addition of 10% (wt/ vol) cold
trichloroacetic acid and incubated at 4 °C for 1h and were then stained with 0.057% SRB
dissolved in 1% acetic acid for 30 min at room temperature. Unbound SRB was washed with
1% acetic acid. The protein bound dye was dissolved in 10mM Tris base solution for OD
determination at 510 nm using a micro plate reader (Enspire, Perkin Elmer, and USA). Using
the seven absorbance measurements [time zero, (Tz), control growth, (C), and test growth in
the presence of drug at the five concentration levels (Ti)], the percentage growth was calculated
at each of the drug concentrations levels. Percentage growth inhibition was calculated as:
[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz

[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz.

The dose response parameter, growth inhibition of 50 % (GI50) was calculated from [(Ti-
Tz)/(C-Tz)] x 100 = 50, which is the drug concentration resulting in a 50% reduction in the net
protein increase (as measured by SRB staining) in control cells during the drug incubation.
Values were calculated for this parameter if the level of activity is reached; however, if the
effect is not reached or is exceeded, the value for that parameter was expressed as greater or
less than the maximum or minimum concentration tested. [18, 19]

Antibacterial Screening: Antibacterial screening was done on novel benzimidazole analogues
(BT-AL, A2 and A3). The organisms used were Staphylococcus aureus ATCC 25923 (Gram
+ve) and Escherichia coli ATCC 25922 (Gram —ve). The test solutions were prepared in
chloroform. The concentrations used for antibacterial screening were 100, 200pug/mL. Standard
drug solution of Amikacin (100pg/mL) was prepared in distilled water. Using a sterile cork
borer of about 5 mm diameters, 4 wells were made in each petri dish. Numbers were marked
on the bottom of petri dish to identify each cup. The test solutions (single and double strength),
standard solution and the vehlcle congrol (chloroform) were placed in each cup of each petri

dish and incuba “7 + OS—Cfpr 24 h. The presence of a definite zone of inhibition of any
size was observi ared W|thpihat of standard drug solution. [20, 21]
RESULTS:

In the present study, in silico design of the proposed derivatives was carried out by using
different software. 3D drawmg, optlmlzmg and calculating various molecular descriptors of
the proposed and derivatives Wem e using ACD labs chemsketch. The results are shown in
Table 1. With t)‘@i al_msb iratfon software the log P values, any violation of Lipinski
rule of five and drug likeness were studied by comparing with the existing standard drugs. The
results are shown in Tables 2 and 3. Nine benzimidazole derivatives were prepared through a
series of five steps. The synthesized compounds were named (BT-Al, A2, A3; BT-B1, B2, B3;
BT-C1, C2, C3). Purity of the compounds was ascertained by TLC and melting point
determination. The results are shown in table 4. The results of characterization by IR and MASS
are shown in table 5.

Docking studies were performed using Schrodinger Glide XP software. Compounds having
high (-) value is considered as the best one. Dock scores of proposed benzimidazole derivatives
with Dihydrofolate reductase (318A) are given in Table 6 and 7 and the images of docked
complex are shown in Figure 1 and 2 respectively. Based on the Schrodinger Glide XP score,
(BT-C1, C2, C3) were selected for in vitro anticancer evaluation and (BT-Al, A2, A3) were
selected for antibacterial screening. The results of anti-cancer, antibacterial activities are shown
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Table 1: Various derivatives designed and drawn using ACD Labs Chem Sketch

Comp Analogues Smiles Notation
ound
BT-Al ) y Pn c5cec(C3=NC(SCC2NclccecclN2)
" N I N=C3c4ccceed)ccs
Fh
N
BT-A2 N 0O=S(Cc2nclcceecl[nH]2)C5N=C(c3
TN Iph cceee3)C(cdcceecd)=N5
BT-A3 . P 0=S(=0)(Cc2nclcceecl[nH]2)C5N=
H \\,\\ / I C(c3cccee3)C(c4cceecd)=N5
Y, o N Ph
N
BT-B1 . P CC(SC3N=C(clcccecl)C(c2ccccec?)
©:"/ [ \ulph =N3)c5ncacccec4[nH]5
BT-B2 . CC(c2nclcceecl[nH]2)S(=0)C5N=
N %NI C(c3ccece3)C(cdceeccd)=N5
N/>_<CH- - i
BT-B3 " n_p Iph CC(c2nclcceeccl[nH]2)S(=0)(=0)C
O: (o W=, 5N=C(c3cccee3)C(cacceccd)=N5
BT-C1 : o~ c6cec(C4=NC(Sc3cec(c2nclceceel|
@: b W, nH]2)cc3)N=C4c5cceee5)cch
™
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BT-C2 @EE s < = 0O=S(c3ccc(c2ncleccccl[nH]2)ce3)C
Ph
¥ P 6N=C(cdccceed)C(c5eceee5)=N6
BT-C3 " 0O=S(=0)(c3ccc(c2nclcecccl[nH]2)c

c3)C6N=C(c4cccecd)C(c5eeceeh5)=N
6

Table 2: Analysis of Lipinski rule of five of standard drugs and the proposed derivatives

Derivative | LOG P | Mol. Wt. | nHDon | nHAcc nrotb Lipinski rule

alert index
BT-Al 4.861 382.48 2 4 5 0
BT-A2 3.397 398.48 1 6 6 0
BT-A3 3.792 414.48 1 5 4 0
BT-B1 5.286 396.51 2 6 5 1
BT-B2 3.725 412.52 1 5 5 0
BT-B3 4.134 428.51 1 4 6 0
BT-C1 6.845 44455 1 6 5 1
BT-C2 5.246 460.55 2 5 6 1
BT-C3 5.312 476.55 1 5 5 1
Isoniazid -0.947 137.14 4 4 2 0
Amoxicillin | -1.272 365.4 6 8 4 0

Table 3: Analysis of Drug Likeness Score of standard drugs and the proposed derivatives

Compound GPCR ligand lon Channel Kinase Nuclear
modulator inhibitor receptor ligand
BT-Al -0.14 -0.16 -0.32 -0.31
BT-A2 0.01 -0.15 -0.52 -0.81
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BT-A3 -0.01 -0.18 -0.34 -0.63
BT-B1 -0.05 -0.12 -0.44 -0.56
BT-B2 -0.04 -0.07 -0.57 -0.73
BT-B3 -0.06 -0.14 -0.39 -0.56
BT-C1 0.01 -0.30 -0.12 -0.78
BT-C2 0.01 -0.32 -0.18 -0.78
BT-C3 0.08 -0.42 -0.1 -0.75

Doxorubicin -1.37 -1.36 -0.65 -2.86

Amoxicillin 0.71 -0.42 -0.65 -0.48

Table 4: Melting point and Rf value of the synthesized derivatives
Compound Molecular Yield (%) Melting point Rt
formula (°C)

BT-Al Ca23H18N4S 94 182 0.42
BT-A2 C23H18N4OS 89 166 0.59
BT-A3 C23H18N402S 73 294 0.61
BT-B1 C24H20N4S 91 184 0.38
BT-B2 C24H20N4O0S 88 168 0.48
BT-B3 C24H20N40-S 76 269 0.72
BT-C1 CasH20N4S 96 274 0.39
BT-C2 Ca2sH20N4O0S 86 245 0.46
BT-C3 C28H20N40,S 73 245 0.73
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Compound IR spectral analysis Mass M+ peak
BT-Al 3383 (NH str), 1547(C=N str), 769 (C-S str), 3761 (Ar- 367
CH str)

BT-A2 2987 (NH str), 762 (C-S str), 3242 (Ar-H str) 343
BT-A3 3395 (NH str), 1592 (C=N str), 785 (C-S str), 852 (S- 398
Ostr)

BT-C1 3453 (NH str), 1603 (C=N str), 1687 (Ar C=C str), 774 421
(C-Sstr)

BT-C2 3453 (NH str), 1692 (Ar C=C str), 1543 (C=n str) 856 454
(S-0), 1089 (SO2, symstr), 746 (Ar C-C v)

BT-C3 3403 (NH str), 1604 (C=N str), 775 (C-S str) 809 (S-O), 428
1129 (SO2, symstr), 732 (Ar C-C v)

Table 6: Glide Score with 318A (Dihydrofolate reductase)

Compound glide score glide energy (Kcal/mol)
BT-Al -9.16 -52.62
BT-A2 -9.08 -55.63
BT-A3 -9.02 -53.65
BT-B1 -8.94 -58.23
BT-B2 -8.84 -55.45
BT-B3 -8.86 -53.48
BT-C1 -8.76 -52.82
BT-C2 -8.23 -57.45
BT-C3 -1.17 -58.85

Doxorubicin -8.52 -52.45
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Fig. 1: Docking image of BT-C1 and BT-C3 to 3I8A

Table 7: Glide Score with 318A (Dihydrofolate reductase)

Compound Glide score Glide energy (Kcal/mol)
BT-Al -6.86 -41.75
BT-A2 -5.23 -43.76
BT-A3 -5.75 -45.43
BT-B1 -5.77 -43.88
BT-B2 -5.54 -31.45
BT-B3 -5.12 -42.16
BT-C1 -5.02 -38.93
BT-C2 -4.79 -41.65
BT-C3 -2.89 -35.45

Amoxicillin -5.91 -42.45

Fig. 2: Docking image of BT-Al & BT-A3 to3I18A
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Table 8: (Glso/ptM) values of the tested compounds BT-C1, C2, C3 against four human

cancer cell lines.

Sample HelLa MIAPACA MDA MB 231 IMR 32
BT-C1 0.97+0.06 59.2+0.5 2.0£0.06 >100
BT-C2 5.7+0.51 >100 20.4+0.1 1.4+0.07
BT-C3 9.2+0.8 0.7+0.01 0.29+0.02 26.5+0.08
Doxorubicin 0.09+0.002 0.086+0.003 0.087+0.001 0.03+0.008
Table 9: Antibacterial activity of selected derivatives (BT-Al, A2, A3)
Serial No Sample Zone of Inhibition(mm)
E. coli S. aureus
100 pg 200 ug 100 ug 200 ug
1 BT-Al 15+0.33 18+1.64 18+1.76 18+0.82
2 BT-A2 15+0.65 17+1.84 17+.28 17+0.76
3 BT-A3 16+0.86 16+0.62 15+1.65 15+0.62
4 Control 12 - 10 -
5 Standard 19 - 18 -

DISCUSSION: In silico design of all the proposed derivatives were carried out using ACD
Labs Chemsketch, Molinspiration, PASS and Schrodinger Glide XP. The compounds were
synthesized by conventional method and were characterized by TLC, melting point
determination, FTIR, and MASS. The synthesized derivatives were screened for the biological
activities on the basis of Pass and Glide score. The in vitro anticancer and antibacterial
screening of all the selected derivatives exhibited better activity. Compound BT-C2 showed
significant anticancer activity and the compound BT-A2 showed significant activity when
compared with the standard. These compounds BT-C2 and BT-A2needs further studies, so that
these compounds give better results. So it is evident that further work on these derivatives has
to be done in future for the development of clinically useful antimicrobial agents.
CONCLUSION: In summary, the main objective of the present work was to design, synthesize
and biologically screen some novel benzimidazole derivatives. Various benzimidazole
derivatives were synthesized and characterized by spectral studies. In the in vitro anticancer,
and antibacterial screening, compound BT-C2 showed significant anticancer activity and the
compound BT-A2 showed significant antibacterial activity. Substitution of the benzimidazole
moiety with hetero aromatic, sulfonyl group and sulphur atom might be responsible for the
enhancement of activity. So, these derivatives (BT-C2 and BT-A2) can be subjected to further
studies for consideration as a drug candidate.
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